Abstract-In recent time, new advanced wireless systems emerged at the world markets. One of the most promising is undoubtedly IEEE 802.16 standard, also known as WiMAX. For both, service providers and potential customers, is necessary to know its basic capabilities, such as the number of supported subscriber per BS or transferred data rate that may be delivered. This paper is aimed at 802.16-2004 standard that is intend to fixed broadband wireless access.
INTRODUCTION
Broadband Wireless Access (BWA) systems, e.g. IEEE 802.16-2004 standard, complement existing last mile wired networks such as cable modems or Digital subscriber line (xDSL). Due to the upcoming air interface technologies, which promise to deliver high transmission date rates, BWA systems become an attractive solution. The main advantage over wired line systems is their fast deployment that can result in cost savings. This is true especially for rural areas, where no wired infrastructure is installed so far.
BWA systems provide fixed or mobile wireless access between the subscriber stations (SSs) and base station (BS) owned by service provider. WiMAX technology supports two types of connection modes: PMP (Point to Multipoint) and Mesh which application is optional. The PMP represents a classical cellular model when a SS is connected directly to the BS. The important aspect is that traffic always leads from or to BS. In opposite, the mesh mode gives to nodes an opportunity to transfer data throw relaying nodes. Thanks to this feature, the coverage and throughput may be enhanced. But there are still many challenges that must be considered, e.g. routing or scheduling, so only PMP mode is considered. IEEE 802.16 standard defines only physical (PHY) and medium access control (MAC) layers. The article analyses how much overhead for various system configuration is bring into by these two layers and further the throughput of the system is estimated.
II. PHY LAYER
For evaluation of WiMAX performance, the overhead introduced by the physical layer should be determined. The first aspect that must be taken into consideration is how much radio spectrum is available. According to [1] , the channel bandwidth may vary from 1.75 MHz to 28 MHz. It is evident that the bigger channel size can provide more radio resources and thus capacity of the system is larger. This paper takes into account two channel sizes, 3.5 MHz and 20 MHz.
To prevent inter symbol interference (ISI) caused by delay spread, part of the OFDM symbol is appended at the beginning of the symbol. The repeated symbol fraction is called cyclic prefix (CP) and its size depends on type of environment, where the system infrastructure is deployed [2] . From bandwidth size and CP can be derived symbol time duration. In case of OFDM modulation used in 802.16 standards, the bandwidth is divided into 256 subcarriers. When pilot and null subcarriers are subtracted, only 192 subcarriers can be used to carry user's data. The capacity of each subcarrier depends on the order of used modulation. WiMAX standard supports BPSK (1 bit per subcarrier), QPSK (2 bits per subcarrier), 16QAM (4 bits per subcarrier) and finally 64 QAM (6 bits per subcarrier).
Because of errors introduced by imperfection on the airlink connection, redundant bits must be carried with useful information for purpose of error detection and correction at the side of the receiver. The ratio of information to redundant bits is called coding rate and may vary from ½ to ¾.
In Table I . are listed basic OFDM parameters by which PHY layer overhead may be assessed. From calculated values is apparent that overhead introduced by the PHY layer is considerable (in most cases more than 50 %).
III. MAC LAYER FRAME
In WiMAX, two types of duplexing method are specified, TDD (for licensed and licensed-exempt band) and FDD (for licensed band only). This paper is focused on TDD duplex method where every frame is divided into DL and UL subframes (see Fig. 1 ). In comparison with FDD, TDD mode Figure 1 . MAC frame description is less complex (FDD needs two antennas for transmission and reception of signal at the same time) and more efficient. However, in some country may be the TDD application restricted by regulator authorities due to its pulse interference character.
Every TDD frame has to start with long preamble through which SSs may synchronize to the network and perceive the current frame duration. Instantly after DL long preamble, the Frame Control Header (FCH) follows. The FCH contains DL_Frame_Prefix (DLFP) which may describe up to 4 DL bursts (location and used burst profile type).
Immediately after DLFP, first DL burst including MAC management broadcast message, e.g. UL-MAP, DL-MAP, UCD (Uplink Channel Descriptor), DCD (Downlink Channel Descriptor) is scheduled. In case that DL subframe consist less then five burst, DL-MAP message can be excluded but must be sent periodically at least every 600 ms to maintain synchronization. The DL-MAP MAC message defines access to DL channel and is composed from 8 bytes long header and certain number of information elements (IEs) that are 4 bytes long. There is one IE for each DL burst in DL subframe. The DL-MAP IEs reference a specific MAC connection (CID) and a burst profile code (DIUC) so that subscriber station can know whether burst contains traffic destined for it or not. The IE further indicates if bursts start with short preamble for purpose of advanced synchronization and channel estimation. Following the DL-MAP (if present), the UL-MAP message is inserted by the BS. The UL-MAP message characterizes and schedule UL subframe. The uplink map contains 7 bytes of header information followed by 6 bytes long IEs. After downlink and uplink maps in the first broadcast burst, DCD or/and UCD messages may by inserted. The purpose of channel descriptor is to define downlink and uplink bursts such as coding and modulation type. The IEEE 802.16-2004 standard defines other MAC management messages that are transmitted via MAC PDU (Protocol Data Unit), e.g. for purpose of network entry procedure or periodic ranging.
Uplink allocation starts with contention slot for initial ranging that is composed from several ranging opportunities that allow to new SSs start initial network entry procedure. Uplink subframe further continues with Bandwidth request slots used by SSs to transmit the bandwidth request header. Finally, one or multiple UL bursts are transmitted (each from a different SS). In comparison with DL bursts, every UL burst have to contain short preamble.
Between downlink and uplink subframes, the TTG (transmit/receive transition) gap must be inserted to allow BS to switch from transmit to receive mode and SSs to revert from receive to transmit state. After the uplink subframe ends, the RTG (receive/transmit transition) gap is inserted. In OFDM PHY every burst (either DL or UL), consists integer number of OFDM symbols. To accomplish this, every unused byte in symbol must be padded by the bytes 0xFF.
IV. SIMULATION MODEL DESCRIPTION
PHY OFDM mode is designed for frequency bands below 11 GHz. For simulation were chosen frequencies in 3.5 GHz bands. Model consists of one BS and up to 50 SSs. The positions of SSs are chosen randomly but the maximum distance from the BS must not be greater than its operational area (here max. 10 km). The BS coverage depends on transmitted power, noise and path loss between transmitter and receiver. According to the maximum allowed equivalent isotropic radiated power (EIRP) of 1 W, the BS transmitted power is chosen to 30 dBm. In compliance to [3] , the noise can be computed from (1) as: where BW is the bandwidth of the system. According to [4] , path loss can be calculated by (2):
where d is the distance and λ is the wavelength. The received power P r is obtained from (3):
When received power level and noise is known, a signal to noise ratio (SNR) is estimated by:
Table II. demonstrates which type of modulation and coding rate is used in relation to the received SNR [5] . Simultaneously, the number of SSs per each burst type is shown. It is evident, that 64QAM modulation is seldom utilized for its high SNR requirements. Consequently, the system throughput is largely degraded. 
V. MAC OVERHEAD CALCULATION
For MAC overhead estimation is necessary to choose frame duration. According to [1] , frame length may vary from 2.5 ms to 20 ms. For the purpose of simulation, 10 ms and 20 ms frame durations were chosen. For MAC frame overhead calculation is necessary to consider which OFDM symbols are used to carry redundant information and which are allocated to user's data. Taken from the beginning of the frame, first 2 symbols of DL subframe are used for long preamble. The consecutive symbol is occupied by the FCH that is followed by number of symbols used for DL-MAP and UL-MAP. The size of maps is determined by the number of bursts scheduled for the DL/UL subframe. The quantity of DL bursts depends on user area distribution and required QoS (Quality of Service). The maximum number of bursts in DL is limited to the maximum number of bursts profile defined by the BS (up to 7). For object of simulation, number of the bursts is the same as quantity of active burst profiles used. In UL direction, each burst can only be used by a single station. Thus it could seems, that a lot of bursts have to be scheduled in UL subframes. But in most cases not all SSs have data to send and thus the number of UL bursts can be significantly reduced. For the sake of simulator simplicity, the UL bursts quantity is considered as the eighth of the user's number. For example, if 40 users are associated to the BS, five UL bursts are scheduled in UL-MAP. However, this simplification has only minimal impact on the system throughput since only determines the quantity of UL preambles (see Chapter III.). How much OFDM symbols is used for maps rests on modulation and coding rate. To guarantee, that all SSs may decode broadcast part of the frame, the most robust profile is used (BPSK 1/2). Consequently, for simulation scenario with e.g. 50 users, 11 OFDM symbols is assigned to the maps. After maps are transmitted, DCD and UCD broadcast messages may followed. How often are sent depends on the channel configuration and how often conditions change (for updates purpose). However, in general the burst profiles will be relatively static (fixed scenario). Thus DCD/UCD has to be sent only for synchronization purpose (e.g. 10 s) and so introduced overhead can be neglected. Optional preambles before each DL burst are not taken into consideration.
The UL subframe starts with initial ranging slot during which the SSs may transmit initial ranging message (RNG-REQ). The ranging slot embodies long preamble (2 symbols), RNG-REQ message (2 symbols) and 3 symbols to span round trip delay. Further BW request slots that are 2 symbols long (1 symbol for short preamble and 1 symbol for bandwidth request header) follow to allow individual user requests for bandwidth. The amount of BW request slot is dependent upon the number of subscriber (more users demand more BW request slots). There is assumed 1 slot per 5 users. Additionally, in UL subframe each burst has to contain short preamble 1 OFDM symbol long (optional short preambles before each DL burst, intend mainly for a mobile scenarios, are disabled). Finally, TTG and RTG gaps must be taken consideration that should be no longer than 100 µs long [1] . How many OFDM symbols are occupied rely on its time duration. For 3.5 MHz channel size, where symbol last 68 µs, 1 OFDM symbol is taken. In case of 20 MHz channel width, where symbol is long only 14.55 µs, 2 OFDM symbols are used. Fig. 1 depicts percentage of overhead introduced by MAC frame depending on the number of users. Especially for narrower channel with short frame duration, the redundant information may be significant. The reason is simply since by using of narrower channel, the number of symbols in frame is smaller than in wider channel. This implies that for minimization of MAC frame overhead is necessary to use larger channel size. The second issue is that the number of SSs served by one BS is not limitless.
VI. WIMAX THROUGPUTS ESTIMATION
After subtraction of PHY and MAC layer overhead, overall system capacity may be estimated. In other words, what is left is used for transmission of user's data. To this goal, two types of scenarios were thought over. The first scenario is depicted at the Fig. 2 for 3 .5 MHz channel size and Fig. 3 for 20 MHz channel size. The four bit rates are given and the possible number of users that can be served under these circumstances is calculated. This may correspond to the situation where all users have guaranteed certain throughput, e.g. unsolicited grant service is scheduled. Concerning the bit rates, uplink and downlink direction is not distinguished in the simulation process and so indicated value is their summation. Whether granted bit rates are assigned to downlink, uplink or both depends on current needs of each users. At y axis, the rate of the system to the requested capacity is computed. The capacity limit is denoted by the bold line. This means if the curve is above the line, the free resources are available. In opposite, some restrictions have to be applied to support more users. It could be observed that system with 20 MHz channel size can support about twice more users than 3.5 MHz channel before its congestions occurs.
The second scenario deals with the situation where all available resources are equally distributed among the single users. The Fig. 5 shows that for more than 10 users the system throughput is considerably limited. In comparison with theoretical maximum WiMAX capacity, the results are much poorer; for 3.5 MHz channel, approximately only 7 Mbit/s is acquired (theoretically 13 Mbit/s) and for 20 MHz channel only 15 Mbit/s data rates were achieved (theoretically 75 Mbit/s . The reason is that in reality, majority of users cannot put to use the most effective modulation and coding rate scheme due to high SNR requirements (see Table II ). If the outputs for both channel size are compared, the wider channel offers approximately twice as much capacity as the narrow one. On the other hand, the narrow channel consumes much less bandwidth in the frequency spectrum (20 MHz channels needs nearly 6 times more bandwidth). So the question is, whether large channels are really suitable than the small one. This paper evaluates WiMAX system performance. Overhead of PHY and MAC layers was analyzed. It was shown that system capacity is strongly dependence on its configuration, e.g. channel size, frame duration, coding rate, etc. Further it is evident that the WiMAX capacity is relation with user's distribution over operational area. For instance if all users were in close distance to the BS, less robust burst types (higher modulation type and smaller coding rate) could be used and so higher bit rates could be delivered to individual users. If this is not the case, overall throughput offered by the BS is significantly diminished. One of the possible solutions how to increase capacity is to enhance BS cell by relay stations. Thus also more distant users may experienced good channel quality and system potential may be fully utilized.
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